Abstract: Farmers' knowledge and perception of risks associated with pesticides are core issues in adopting sustainable behavior related to pesticides. This study aimed to find out if Romanian farmers' perceptions regarding the effects of conventional pesticides on pests, health, and the environment can predict farmers' willingness to replace conventional pesticides with bio ones and to pay a higher price for the latter. This is the first investigation of Romanian farmers' perceptions regarding pesticides, thus providing information useful both from the market and environmental protection perspectives. Binary logistic regression was performed to test the relationship between the perceived effect of pesticides, on the one side, and willingness to change conventional with bio-pesticides and willingness to pay for bio-pesticides, on the other side. It was found that the efficiency of conventional pesticides on combating pests and their effects on a farmer's health can predict farmer willingness to replace conventional approaches with bio-pesticides. Conclusions disclose entry points for interventions aimed at improving communication and information strategies at the country level for raising awareness of the adverse effects of pesticide products, both at the food consumer and farmer levels.
Introduction
Maintaining a sustainable quality of the environment in the context of population growth and of the increase of food needs is a topical issue of the agriculture-environment relationship [1] [2] [3] . It is self-evident that the use of pesticides and their impact on water, soil, air, and biodiversity is a worldwide challenge [4] [5] [6] . For example, the risk of falling numbers of pollinator colonies increases annually along with spraying of crops with new, chemically active substances persistent in the environment, leading to "pollination crisis" that causes the fall of crop yields [7] , an alarming situation considering that, worldwide, 75% of crop species relay to some degree on animal pollinators [8] . A study of Williams et al. [9] demonstrated that in pesticide-exposed queens, reproductive anatomy and physiology were compromised. In the modern notion of integrated pest control, pesticides occupy an important position, especially the selective ones, and the use of chemicals in agriculture to reduce losses caused by diseases, pests, and weeds and to increase agricultural output is a topical challenge. The increased dependence on chemical pesticides was pesticides used and, implicitly, on possible effects on health and the environment [37] . To the authors' best knowledge, this is the first attempt to investigate Romanian farmers' perceptions and willingness to use and pay for bio-pesticides. Thus, the objectives of this study are:
(i) To identify Romanian farmers' behavior (actions and perceptions) related to conventional and bio-pesticides;
(ii) To find out if farmers' perceptions regarding the effects of conventional pesticides on pests, health, and the environment can predict farmer willingness to replace conventional pesticides with bio ones under equal price conditions; (iii) To find out if farmers' perceptions regarding the effects of conventional pesticides on pests, health, and the environment can predict farmer willingness to pay a higher price for bio-pesticides.
The paper is organized as follows: After the Introduction, the Literature review section introduces the readership to the current state of pesticide use in Romania and it presents different aspects related to farmers' knowledge, attitudes, and practices regarding the use of pesticides at the global level. The Methodology section describes the study area and it presents the survey design and data collection methods. The Results and Discussion sections include the results obtained through the application of the questionnaire and their analysis in the context of the current market and environmental challenges. The Conclusions section presents several ways of reducing the negative effects of farmers' exposure to pesticides and it provides practical implications of the study.
Literature Review
In Romania, data on environmental contamination and human exposure to pesticides are still limited and most of the studies are mainly focused on organochlorine pesticide class. Organochlorine pesticides such as DDT (dichlorodiphenyltrichloroethane) have been banned for over 30 years (since 1985) , while HCHs (hexachlorocyclohexanes) have been banned since 2002. Nevertheless, the results of a study of Cioroiu et al. [38] showed the presence of persistent, bioaccumulative, and toxic HCB (hexachlorobenzene), DDTs and HCHs in colostrum samples at concentrations that can impose public health concerns. Ene et al. [39] reported that, in southeast Romania, the level of PAH (polycyclic aromatic hydrocarbons), HCH, and DDT contamination is high according to the Romanian soil pollution legislation, mainly because of agricultural activities.
The need for research investigating the knowledge, perceptions, and behavior of farmers in relation to pesticides arises in the context of increased use of pesticides. Thus, the number of plant protection products marketed in Romania, in 2017, increased by 6.1% over the previous year [40] . The largest share of plant protection products is formed by herbicides (47.5%), followed by fungicides (39.8%), insecticides (8.2%), and other products for plant protection (4.5%) [40] .
While there are several studies that refer to farmers' practices in relation to pesticides [39, 41, 42] , there is a dearth of literature dedicated to Romanian farmers' perception regarding the effectiveness and hazards of conventional pesticides. Only one study focused on farmers' habits in relation to pesticides in small rural households, and it showed a lack of knowledge regarding environmental and health protection measures in pest control activities [43] .
Unlike what has been investigated in Romania, globally, recognition of the amplified effects of pesticide use is reflected in a significant number of studies dedicated to farmers' behavior related to the use of pesticides, such as perceptions regarding health and environmental risks or their willingness to pay for healthier alternatives. Al Hasan et al. [44] investigated Ghanaian farmers' sources and choice of pesticides, their perception about the effectiveness of pesticides and their willingness to pay for a new bio-pesticide, and it was concluded that an effective, safer, and less-expensive alternative to chemical pesticides was needed. In Ethiopia, out of 719 interviewed farmers, 87.2% knew the pesticides by name and almost half of them were aware of at least one pest control method and of the negative effects of pesticide on animal health [45] . Jallow et al. [46] noted that even Kuwaiti farmers were aware of the impact of the pesticides on human health (71%) and on the environment (65%); they considered pesticides as indispensable for high crop yield (80%). In Tanzania, farmers' knowledge was not related to a perceived risk [47] . In India and Pakistan, the farmers were investigated on their awareness on health, knowledge on application of chemicals, storage, and disposal, the results being that even if they reported side effects of pesticide application, they never adopted full protective measures [48] . China, the largest consumer of pesticides in the world [49] , surveyed farmers and retails from two typically agricultural areas, which showed limited awareness of the dangers of pesticides to human health and the environment [50] . The contribution of Schreinemachers et al. [51] was aimed at understanding farmers' knowledge, attitudes, and practices regarding the use of pesticides in Cambodia, Laos, and Vietnam. Their main findings contented that vegetable farms heavily depended on chemical pesticides for managing pests and that campaigns targeting reduction of pesticide dependence should be gender-sensitive as long as female farmers had an important role in pest management [51] . Waichman et al. [52] focused on the levels of farmers' understanding of pesticide handling, based on their ability to understand the information displayed on labels in the largest consumer of pesticides in Latin America-Brazil. In Turkey, 61 selected fruit-growers were interviewed to find their perceptions on the harmful effects of pesticides and to reveal their behavior regarding pesticide practices; the results suggested that characteristics such as education, age, or experience in agricultural activities influenced that behavior [53] .
Coming closer to the area investigated in this study, in Europe, it was revealed that Greek farmers' knowledge of pesticides and beliefs about pesticide hazard control were associated with safety compliance [54] . A study that investigated farmers' perceptions and behaviors concerning the use of bio-pesticides in strawberry production in Italy, Germany, and Israel revealed that farmers were aware of the positive aspects of those products and they used biocontrol agents with different levels of satisfaction [55] . Remoundou et al. [56] assessed perceptions of risks associated with pesticide exposure in Greece, Italy, and the UK, targeting vulnerable stakeholders, and they found, for example, that operators and workers adopted self-protective behaviors.
At the European Union (EU) level, Common Agricultural Policy promotes the sustainable use of plant protection products through different channels: green direct payment, agro-environmental measures, cross-compliance rules, farm advisory system, or more direct payments that are no longer linked to production. Within the EU, it is considered that an optimal pesticide policy must include tax schemes that rely on standards for environmental and health quality and those taxes need classification according to toxic contents [57] .
Even if significant progress has been made in relation to bio-pesticides efficiency, inconsistent field performance of these products persists, which, along with their higher costs, have generally relegated them to niche products [58] . Bio-pesticides are still considered by many farmers as unacceptable because they are evaluated for their immediate impact on pests [11] . Thus, bio-pesticides represent only 5% of the total plant protection market [59] . However, consumers demand healthier food products and the awareness of environmental impacts makes this ecofriendly alternative a solution for more sustainable agriculture and a proof towards the estimation of a bio-pesticide growth rate at 8.64% annually [59] .
Materials and Methods

Description of the Study Area and Location of Interviewed Farmers
Romania is located in the southeastern part of Europe. Out of the total area of the country (238 391 km 2 ), around 87% of it is rural (207,522 km 2 ), 61.3% is represented by agricultural land (14.6 millions ha), 28.3% is covered by forests and other forestry vegetation lands, and 10.4% of the country area is occupied by the built area. Population living in rural territory represents 45% of Romania's total population and the highest share of rural population aged between 25 and 64 attended just secondary school (38.5%) [60] .
Survey Design and Data Collection Methods
The study relies on a survey that used a convenience sample, for which we interviewed face-to-face a total of 126 farmers. Respondents were farmers that took part in agricultural events, such as fairs or exhibitions. An interview was requested to every third farmer that passed by a selected entry point of the fair and the resulting distribution of their farm location is marked in Figure 1 . The study relies on a survey that used a convenience sample, for which we interviewed face-to-face a total of 126 farmers. Respondents were farmers that took part in agricultural events, such as fairs or exhibitions. An interview was requested to every third farmer that passed by a selected entry point of the fair and the resulting distribution of their farm location is marked in Figure 1 . Farmers' characteristics are presented in Table 1 . The variables regarding their use of pesticides and their perceptions related to them were: perception of conventional pesticides effects on pests (not efficient/efficient), on farmer's health (negative/no negative effect), and on the environment (negative/no negative effect); willingness to replace conventional pesticides with bio-pesticides (yes/no); willingness to pay a higher price for bio-pesticides (yes/no); manifestation of conventional pesticides effects on their health after use (e.g., dizziness, headache, vomiting, itching, coughing, fever, diarrhea) (yes/no); type of measures taken to alleviate the symptoms generated by the use of conventional pesticides (seeing a doctor, self-care, no measure); awareness of bio-pesticides (yes/no); previous use of bio-pesticides (yes/no); perceived efficiency of bio-pesticides compared to conventional pesticides (better/not better); and decision criteria used to choose pesticides (ingredients, personal experience with the product, price, producer, warnings, friends' recommendations, seller's recommendations, and other). Farmers' characteristics are presented in Table 1 . The variables regarding their use of pesticides and their perceptions related to them were: perception of conventional pesticides effects on pests (not efficient/efficient), on farmer's health (negative/no negative effect), and on the environment (negative/no negative effect); willingness to replace conventional pesticides with bio-pesticides (yes/no); willingness to pay a higher price for bio-pesticides (yes/no); manifestation of conventional pesticides effects on their health after use (e.g., dizziness, headache, vomiting, itching, coughing, fever, diarrhea) (yes/no); type of measures taken to alleviate the symptoms generated by the use of conventional pesticides (seeing a doctor, self-care, no measure); awareness of bio-pesticides (yes/no); previous use of bio-pesticides (yes/no); perceived efficiency of bio-pesticides compared to conventional pesticides (better/not better); and decision criteria used to choose pesticides (ingredients, personal experience with the product, price, producer, warnings, friends' recommendations, seller's recommendations, and other).
The first question was a filter one aiming to select farmers that take decisions concerning the use of pesticides. All farmers who agreed to be interviewed responded "yes" to this question. The investigation of farmers' behavior took into account the following variables: awareness of manifestation of conventional pesticides effects on their health after use; type of measures taken to alleviate the symptoms generated by the use of conventional pesticides; awareness of bio-pesticides; previous use of bio-pesticides; perceived efficiency of bio-pesticides compared to conventional pesticides; and decision criteria used to choose pesticides. Farmers' perceptions regarding the effect of conventional pesticides were investigated by taking into account three reference points: the effect on pests (efficiency), the effect on farmer's health, and the effect on the environment. These were considered the main criteria that influence the decision to use pesticides, following the approach of Sharifzadeh et al. [61] , who included the effectiveness of pesticide and pesticide hazards in the assessment of farmers' criteria for pesticide use. Also, prior to the elaboration of the questionnaire, three focus group sessions with 13 farmers in total were organized to observe which types of pesticide effects were taken into account by farmers. An open question was asked, asking them to say which categories of effects should be considered in relation to the use of pesticides. All participants indicated effects on pests, on human health, and on the environment. Two of them also mentioned the effect of farmers' budget and one named separately the effect on farmers' health and the effect on food consumers' health. The authors asked them to evaluate the effect of pesticides on soil, water, air, and biodiversity, separately. We observed that it was difficult for them to make a clear difference between the effects of various components of the natural environment (air, water, soil, biodiversity). Consequently, only one general question about the environment was introduced in the questionnaire. A first draft of the questionnaire (which included the five questions about pesticides) was tested on a sample of 17 farmers. All questions were kept, but their wording was improved based on the pre-test results. Some variables were collected using 5-point Likert scales and they were transformed into dichotomous variables for the analysis. Willingness to pay is usually investigated by asking whether consumers are willing to pay a higher price, by asking them to choose among several price intervals, or by using an open-ended question about how much more are they willing to pay for a product. Chi-square test was used to explore differences between pairs of the following variables: the effect of conventional pesticides on pests, their effect on farmer's health, and their effect on the environment. Also, the chi-square test was applied to find out if there was a difference regarding perceptions of the effect of bio-pesticides compared to conventional ones between people who previously used bio-pesticides and those who did not. Binary logistic regression was performed using SPSS to test the relationship between the perceived effect of pesticides-on pests (efficiency), on farmers' health, and on the environment, on the one side, and willingness to change conventional pesticides with bio-pesticides, on the other side. This regression was used because the dependent and independent variables were coded as dichotomous variables. Also, binary logistic regression was run to observe whether the effects of conventional pesticides on health and environment influence the willingness to pay for bio-pesticides (Figure 2 ). 
Results
Farmers' perceptions related to pesticides and their use are presented in Table 2 . Definitions of pesticides and bio-pesticides were provided to them to ensure a common understanding of these concepts among sample members. 
Farmers' perceptions related to pesticides and their use are presented in Table 2 . Definitions of pesticides and bio-pesticides were provided to them to ensure a common understanding of these concepts among sample members. Chi-square test revealed that there was not a statistically significant difference between the share of farmers who considered conventional pesticides efficient on pests and those who did not, according to their perception on the effect on nature (negative effect vs. no negative effect) (p = 0.079). Similarly, there was not a statistically significant difference between the share of farmers who considered conventional pesticides efficient on pests and those who did not, according to their perception of the effect on their health (negative effect vs. no negative effect) (p = 0.093). However, a statistically significant difference was observed between the share of farmers who perceived a negative effect on nature and those who did not, according to the perceived effect on their health (p < 0.001). Also, 83.3% of farmers who did not perceive a negative effect on their health did not perceive it on nature either, while 16.7% did. Also, 71.4% of farmers who perceived a negative effect on their health considered that conventional pesticides had a negative effect on the natural environment, too, while 28.6% did not see a negative effect.
Chi-square test indicated that there was not a statistically significant difference between farmers who considered that bio-pesticides are more effective than the conventional ones and those who did not, according to their previous use of bio-pesticides (p = 0.060).
The first regression analysis tested how well three perception variables (effects of pesticides on pests, farmers' health and the environment) can predict farmers' "willingness to replace conventional pesticides with bio-pesticides" when they have the same price. The Omnibus Tests of Model Coefficients, which show how well the model performs, generated a highly significant value (p < 0.005) and a chi-square value of 20.888 with 3 degrees of freedom. The values obtained through the Hosmer and Lemeshow Test support the model, too, with a good fit revealed by a p value greater than 0.05 (p = 0.344). The Cox & Snell R Square and the Nagelkerke R Square values show that between 15.3% and 20.5% of the variability in the willingness to replace conventional with bio-pesticides is explained by the perceived efficiency of conventional pesticides and by their effects on farmers' health. The variables that contribute significantly to the predictive ability of the model are the "effect of conventional pesticides on pests" and the "effect of conventional pesticides on farmers' health." The "effect of conventional pesticides on nature" did not have predictive power (Table 3 ; Figure 3 ). A second binary logistic regression test was run to predict farmers' "willingness to pay for bio-pesticides" from their perceptions of the effect of pesticides on farmers' health and on the environment. The "efficiency of conventional pesticides on pests" was not introduced in the model because we did not obtain significant value for the univariate analysis, performed previously to the logistic regression (between the "effect on pests" and "willingness to pay a higher price"). The Omnibus Tests of Model Coefficients, which show how well the model performs, generated a highly significant value (p < 0.005) and a chi-square value of 30.077 with 3 degrees of freedom. The values obtained through the Hosmer and Lemeshow Test support the model, too, with a good fit revealed by a p value greater than 0.05 (p = 0.734). The Cox & Snell R Square and the Nagelkerke R Square values show that between 21.2% and 29.9% of the variability in the willingness to pay a higher price for bio-pesticides is explained by the perceived effects of conventional pesticides on farmers' health. There is only one variable that contributes significantly to the predictive ability of the model, which is the "effect of conventional pesticides on farmers' health." The "effect of conventional pesticides on nature" did not have predictive power on "willingness to pay a higher price for bio-pesticides" (Table 4 ; Figure 3 ). 
Discussion
The efforts in developing a technical solution to reduce the negative impact of chemicals used in agriculture represent only one part of the solution for sustainable agriculture. There are at least other two directions that must be considered. One refers to the legal framework that can stimulate or deter the use of environmentally friendly alternatives [62] . The other one is represented by consumer contribution in adopting sustainable product options. Most often, convincing consumers to consider sustainable products, such as bio-pesticides or natural fertilizers, requires extended research efforts to understand their needs, motivations, or hindering factors [63] [64] [65] . Conventional pesticides are considered efficient by 81.7% of interviewed farmers (Table 2) , which can become a hindering factor for the transition to bio-pesticides. This poses a double challenge to bio-pesticides: to be objectively effective and to be perceived as such by their users. The perceived negative effects of conventional pesticides on health and on the environment are rather weak (with one-third of farmers perceiving them, Table 2 ). Therefore, at the sample level, they do not represent a potential strong incentive to search for an alternative solution. In China, a similar perception of the negative effect on the environment was present, too, because farmers did not believe that environmental pollution could be mitigated by reducing the use of pesticides [66] . Although it may be considered at first sight that it is encouraging to have over half of the sample willing to replace conventional pesticides with bio-pesticides or to pay more for the latter, these percentages should be treated with caution because the intensity of the willingness is not revealed and the exact amount of additional money they agree to pay is not indicated either. Future research can test the intensity of willingness to pay various prices (for instance, on a scale from "I am certain I will not pay it" to "I am certain I will pay it").
Relatively small shares of Romanian farmers perceive the negative effects of conventional 
Relatively small shares of Romanian farmers perceive the negative effects of conventional pesticides on their health and on the environment (Table 2) , which suggests that more must be done in order to induce a correct understanding of the positive and negative sides of conventional pesticides utilization. In line with these results are those published by Khan et al. [67] , who reported that most farmers (64%) from an important Pakistani agricultural area considered that the risk from pesticides was inexistent or small.
On the one hand, a positive feature of pesticide consumers is that the majority is aware of the existence of bio-pesticides, but, on the other hand, the downside is that only a small share used them. This suggests that marketing efforts should be directed towards stimulating the use of the product, rather than raising awareness on its existence. However, in the case of pesticides, convincing a farmer to try the product has to overcome the barrier of the perceived risk of use. Here, the lack of efficiency generates not only the financial loss represented by the purchasing price but also a more important one, the loss generated by crop destruction by pests in case the new product does not generate the promised effect. Therefore, especially the latter risk must be mitigated through marketing measures, for example, selling a combined product formed by pesticides and insurance at a promotional price that covers the risk of pest attacks. The effect of this action is also supported by their concern for the price ( Table 2 ). The second-most important factor in farmers' buying decision is the efficiency of ingredients on combating pests, suggesting that the promotion of bio-pesticides should highlight the content in specific ingredients and compare their efficiency with the efficiency of the ingredients already appreciated by farmers for their power to protect crops against pests.
The first binary logistic regression analysis showed that the perceived practical efficiency of conventional pesticides and their perceived effect of farmers' health have a good prediction capacity of farmers' willingness to replace conventional pesticides (Table 4) . However, the environmental concern does not contribute to the prediction of the mentioned behavior. Capacity to control pest was an important decision factor regarding the use of pesticides for farmers in other countries, too. For instance, in China, it was observed that almost 68% of a sample of vegetable farmers would like to use them if they had similar controlling effects on pests to conventional pesticides (even if farmers had low knowledge of bio-pesticides) [53] . The model revealed that the direction of the relationship between the effect of conventional pesticides on pests (0 = efficient, 1 = not efficient) and willingness to replace them with bio-pesticides (1 = willing to replace, 0 = not willing to replace) is as follows: farmers who perceive conventional pesticides as inefficient are more likely to replace them with the bio ones. Also, farmers who perceive the negative effect of conventional pesticides on their health are more likely to replace them with bio-pesticides. The efficiency of conventional pesticides plays an important factor in replacement willingness because the odds of a farmer being willing to replace conventional with bio-pesticides are 11 times higher for persons who perceive conventional pesticides as inefficient compared to farmers who perceive them as efficient (Table 3 ). This perception of efficiency is influenced by various factors, for instance, expected results, previous experience, and knowledge about the efficiency of similar products. Some of them can be influenced through marketing measures, such as the modification of expected results and of perceptions regarding the efficiency of alternative solutions. The odds of a farmer being willing to replace conventional with bio-pesticides are four times higher for persons who consider that conventional pesticides have a negative effect on their health compared to farmers who do not see such an effect, all other factors being equal (Table 3 ). This behavior suggests that the preference for bio-pesticides can be stimulated by increasing farmers' awareness of the negative impact of conventional pesticides on their health.
In the case of willingness to pay more, only perceptions of the effect of conventional pesticides on farmers' health had a good prediction capacity, thus indicating that this one should be used in information-education campaigns to increase farmers' willingness to pay for bio-pesticides. Health concern seems to be a widely spread factor that stimulates the willingness to pay for sustainable pesticides, as mentioned in numerous studies. Thus, a survey carried out in Pakistan showed that the higher the risk of pesticides on health perceived by farmers, the higher the willingness to pay a premium for safe pesticides [68] . In Nicaragua, farmers were willing to pay up to 28% of pesticide expenditure to avoid health risks [69] . In China, farmers were willing to pay more for health risk reduction associated with pesticide use [70] . Nepalese farmers were willing to pay between 53% and 79% to protect both their health and the environment [71] . There are also variables besides health and environment that can predict willingness to pay for healthier pesticides alternatives, such as education, risk perception, social trust, and social networks use, which were proved significant in a study on Chinese farmers [70] .
The second binary logistic regression model showed that the direction of the relationship between the effect of conventional pesticides on farmers' health (1 = negative, 0 = no negative effect) and willingness to pay a higher price for bio-pesticides (1 = willing to pay, 0 = not willing to pay) is positive given the assigned codes. Farmers who perceive the negative effect of conventional pesticides on their health are more likely to pay a higher price for them compared to the price of conventional pesticides. The odds of a farmer being willing to pay a higher price for bio-pesticides are nine times higher for persons who consider that conventional pesticides have a negative effect on their health compared to farmers who do not see such an effect, all other factors being equal (Table 4) . Taking into account this influence of farmers' concern for health and the fact that price is very important in their buying decision (Table 2) , marketers should frame the price of bio-pesticides in a way that covers both. For example, they can show how an increase in the bio-pesticides price is compensated by a decrease in expenses with the medication necessary to restore their health after using conventional pesticides.
From a consumer behavior perspective, two main paths can be envisaged to support the consumption of a sustainable alternative of pesticides: one targeting farmers as direct consumers of bio-pesticides and one targeting food consumers, as indirect consumers of bio-pesticides.
The direction dedicated to farmers has, at its turn, two components: one related to the real efficiency of bio-alternatives and one related to the impact of pesticides on health and the environment. So, firstly, one of the main hindering factors of bio-pesticides use is their low efficiency compared to the one of the conventional pesticides [72, 73] . From a consumer behavior research perspective, farmers are potential consumers of bio-pesticides. When they buy a product, consumers buy, in fact, the solution to a problem they have [74] . The fact that more than half of the farmers mentioned pesticides' efficiency on pests as one important factor for buying them (while only 12.7% and 2.4%, respectively, selected health and environmental concerns), shows that the problem of farmers (as consumers of pesticides) is the damage to their crops caused by pests and not their health or environmental damage generated by conventional pesticides (Table 2) . In this context, the efficiency of the product in combating pests prevails in front of other attributes. Therefore, the challenge is to create more effective alternatives of bio-pesticides, to make them available on the market and to inform farmers about their existence and benefits. Secondly, communication efforts directed to farmers must be made to improve their perception of bio-pesticides by raising awareness on the negative impact of the conventional ones on health and on the environment, and also by bringing reliable arguments that support their effectiveness. Information-education campaigns are important for sustainable agriculture, as it was already shown in other studies that trained farmers were aware to a higher degree of pesticides' harmful effects on health than non-trained ones [54] . In China, one of the world's largest users of pesticides, participants in a survey had some knowledge on the effect of pesticides and they felt that they were at risk when using pesticides [75] . Consequently, strengthening the education of farmers in relation to pesticide use and their sense of environmental protection can contribute to sustainable agricultural practices [76] .
The second approach targets consumers of agricultural products (e.g., food consumers), in the view of making them aware of the benefits of bio-pesticides and of determining them to appreciate those farmers and foods that use bio-pesticides. Studies have shown that consumers who appreciated products with less pesticide are willing to pay more for them, such as a sample of consumers from Benin, who were willing to pay a price premium of 38% for cabbage with lower pesticide residues [77] .
The results presented in this paper must be interpreted in the context of their limitations. Thus, the use of a non-representative sample limits the validity of the results to the population tested. Results rely on self-reports and, thus, because of the desire of reporting socially desirable behaviors and the attitude-behavior gap, real behaviors may differ from declared ones. Future research directions should consider a representative sample at the country level and the investigation of a larger number of variables (including economic, social, and policy ones) that can predict more accurately the willingness to replace conventional pesticides and willingness to pay for bio-pesticides. This contribution presented only farmers' willingness to pay a higher price for bio-pesticides and future research should use various price intervals and more complex statistical analysis to evaluate more accurately how much they are willing to pay for this product. Also, a deeper investigation of the use of conventional pesticides (types, quantity, and way of use) is needed to understand their real effect on pests, farmers' health, and the environment.
Conclusions
The findings of the present study disclose entry points for interventions aimed at improving communication and information strategies targeting farmers (as consumers of pesticides) at the country level for raising awareness on the adverse effects of conventional pesticides products. By investigating for the first time Romanian farmers' perception regarding the effects of conventional pesticides on health and environment, and their efficiency, this study offers new information about the image of pesticides in their consumers' minds, thus showing the distance between this image and the desired one.
Tested models revealed that farmers were willing to replace conventional with bio-pesticides when the former were perceived as inefficient on pests and as damaging farmers' health. At the same time, farmers were willing to pay a higher price for bio-pesticides when they considered that the conventional ones negatively affected their health. It can also be inferred that the perceived harmful effects of conventional pesticides on the environment did not determine whether surveyed farmers would replace conventional pesticides or pay more for the bio ones, thus profiling a group of pesticide consumers which are not environment-oriented.
The analysis of the influence of conventional pesticides perception on farmers' willingness to adopt bio-pesticides represents an indicator for marketers that reveals what type of intervention is necessary to be made: change of perception regarding conventional pesticides effects, of farmers' intention regarding bio-pesticides use and acquisition, and, finally, change of actual purchase and use of bio-pesticides. The results of the analysis, which show that approximately 70% of interviewed farmers do not recognize the effects of conventional pesticides on their health and on the environment should be regarded as a red flag that shows that one main direction of any strategic plan dedicated to pesticide control must be farmers' informed choice. In line with the outcomes of the present contribution, it is mandatory to develop an effective agro-environmental and health strategy that supports the sustainable use of authorized bio-pesticides. Relying on the present study results, marketers and policymakers should step up efforts that will incorporate the perceptions highlighted here to stimulate the transition to bio-pesticides and to increase farmers' willingness to pay for them.
